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ABSTRACT 

RESUMEN 

INTRODUCTION 

Field detection of changes in occurrence, distribution, or abundance of alpine plant species is predicated on 
knowledge of which species are in specific locations. Baseline surveys for this purpose are anchored in the elu- 

quality baseline study design to detect change at local and regional scales also hinges on the synergistic abil¬ 
ity of plant systematists, ecologists, and land managers to identify and track individual species as systematic, 
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tion or microevolutionary adaptation. Recent studies have shown or predicted a variety of species responses to 

al. 2011; Pauli et al. 2012). In the Southern Rocky Mountains, determination of the regional alpine plant species 
pool should allow baseline studies to be more effective at detecting real change. 

ristic graduate students from the Rocky Mountain Herbarium (RM) over the past 27 years (Kastning 1990; 
Vanderhorst 1993; Lyon 1996; Chumley 1998; Moore 1998; Elliott 2000; Taylor 2000; Nunn 2003; Arnett 
2002; Holt 2002; Foley 2006; Reif 2006; Flaig 2007; Larson 2008; Legler 2010; Lukas et al. 2012; Brummer 
2014; and Kirkpatrick 2014; also Nelson 1974,1984) presents an opportunity to synthesize species occurrence 
and distribution information for the entire Southern Rocky Mountain Region. The ongoing efforts of the Flora 
of North America (FNA 1993+) project to standardize species circumscriptions and nomenclature transcends 
the more fragmented data contained in state floras such as Weber and Wittmann (2012), Dorn (2001), and 
Allred and Ivey (2012). The recently completed Intermountain Flora (Cronquist et al. 1972; Cronquist et al. 
1977,1989,1997,1994; Cronquist et al. 1984; Holmgren et al. 2005; Holmgren et al. 2012) illustrates what can 
be achieved on a physiographic scale. There are a few alpine specific checklists for small areas within the Rocky 
Mountain Cordillera (Little 1941; Johnson & Billings 1962; Spence & Shaw 1981; Rundel et al. 2008) but not 
for the entire Southern Rocky Mountain Region. The purpose of this study is to document the occurrence of 
vascular plant species in the alpine zone of the Southern Rockies using voucher specimen information from 
the two largest regional herbaria: Rocky Mountain Herbarium and University of Colorado Herbarium (COLO). 

secondary goal. The resulting checklist will  serve as a reference for both land managers and researchers when 
establishing site specific baseline studies to detect changes in plant distribution and occurrence. 

Study Area 
The Southern Rocky Mountain Region (Arno & Hammerly 1984, Fig. 1) is the southern portion of the pro¬ 
posed boundaries for the Flora of the Rocky Mountains Project (Hartman 1992). It is centered on the moun¬ 
tain ranges of Colorado and extends north to the Medicine Bow Mountains in southeast Wyoming and south 
into the Sangre de Cristo Range of north central New Mexico. It also includes the La Sal Mountains of Utah 
(Hartman 1992) and adds the San Francisco Peaks in northern Arizona due to floristic similarities (Little 1941; 
Schaak 1983). Colorado was divided into four contiguous subregions (Fig. 1) based on state lines (Wyoming 
and New Mexico) and by major highway corridors (1-25,1-70, US Hwy. 50, and by US Hwy. 285 south of US 
Hwy. 50). Thus Colorado is separated into north, central, southeast, and southwest geographic components. 

Our area of interest is the alpine zone comprised of meadow and treeline ecotone areas of the Southern 
Rockies as defined by Korner (1998, 2003). Timberline is the local upper elevational limit of closed canopy 

height; treeline ecotone is the transition region between timberline and treeline with a mix of upright trees and 
herbaceous vegetation; and alpine meadow is the herbaceous plant dominated region above treeline, but often 
includes dwarf shrubs, scattered single trees, krummholz, and patchily vegetated talus, rock outcrops, and 
peaks. In the Southern Rockies, the alpine zone starts at 3350 m in southeast Wyoming and gradually rises to 

Most of the study area is within the Southern Rocky Mountain Province of the Rocky Mountains Physio¬ 
graphic System (Hunt 1974; Brouillet &  Whetstone 1993). The predominantly north-south oriented mountain 
ranges from the southeast Wyoming subregion through the north, central, and southeast Colorado subregions 
to the northern New Mexico subregion are underlain by weathered granitic formations while the San Juan 
Mountains in the southwest Colorado subregion are of volcanic origin. Both the Utah and Arizona subregions 
are within the Colorado Plateau Physiographic Province. The La Sal Mountains are the result of laccolithic 
intrusions and have exposed igneous rocks above timberline (Baars 1983; Blakey & Ranney 2008). The San 
Francisco Peaks are the collapsed caldera edge of a stratovolcano (Nations &  Stump 1981). Surface topography 
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within Colorado by four sub-regions using highways that follow major physiographic separations. N = northern Colorado mountain ranges, C=central 
Colorado mountain ranges, SW = San Juan Mountains, SE = southeastern Colorado mountain ranges. 

extensive alpine meadows on round topped ridges that have escaped glaciation since before the Wisconsin 
epoch (Marr 1967). 

The climate of the Southern Rockies has two primary periods of precipitation, summer and winter (Arno 
& Hammerly 1984). Most summer precipitation originates from southern air masses while winter snows enter 
from the North Pacific (Arno & Hammerly 1984). At Niwot Ridge (3740 m elevation) in northern Colorado, 

with hail and sleet, with a short growing season of 45 days (Marr 1967). Winters are long, cold, and windy with 
frequent blizzards and a minimum temperature of about -28°C at Niwot Ridge (Marr 1967); January mean 

tation ranges from 66-86 cm; and mean annual windspeed is 25 km/hr (Marr 1967). 

METHODS 

The alpine areas have been systematically inventoried by the staff and floristics graduate students from the 
RM. This study is largely a synthesis of RM collections verified by Hartman or Nelson over the past few de- 
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cades, as well as those housed at the University of Colorado (COLO). The area covered is southeast Wyoming, 

northern Arizona. From the two databases, we chose 245 collection sites. In searching the databases, the term 
“alpine” was first sought followed by elevation adjusted by latitude. Sites chosen from the RM database were 
known and collected by at least one of the authors and associated graduate students. From the COLO database, 
sites were sorted by county and if  site elevation was above the known alpine zone and had more than 20 col¬ 
lections, specimen labels were searched for “alpine” and if  present, included on the initial species list. This list 

and geographic data were pulled from the RM and COLO plant specimen databases. Habitat data was not 
always available from the specimen record, in which case, habitat assignment was based on the authors’ knowl- 

Systematics and nomenclature follow the published volumes of Flora of North America (FNA 1993+) with 
minor exceptions and follow current taxonomic usage at the RM for families not yet revised by FNA. Excep¬ 
tions to FNA include recognition of Dorn’s treatment for Salve (Dorn 2010), Packera oodes (Rydb.) W.A. Weber 
as a segregate of Packera streptanthifolia, Trisetum montanum Vasey as a segregate of Trisetum spicatum, and 
Abies arizonica Merriam as a segregate of Abies bifolia. Floristic region classification is based on Thorne’s (1993) 
phytogeography treatment for FNA. Levels of endemism were determined by the authors based on distribu¬ 
tion maps published in FNA, from RM and USDA Plants online databases, and from geographic distributions 
published in the Intermountain Flora (Cronquist et al. 1972; Cronquist et al. 1977,1989,1997,1994; Cronquist 
et al. 1997; Holmgren et al. 2005; Holmgren et al. 2012) and state floras. The RM database was thoroughly 
searched (beyond our sites) for putative Southern Rockies and alpine endemics to verify our designations. Dis¬ 
junct populations of taxa are separated by at least one state or province. Our use of the term “alpine endemic” 
indicates vascular plant taxa that are distributionally restricted to the alpine zone of the Rocky Mountain 
Cordillera, unlike Korner (2003) who includes these taxa along with taxa that are distributionally centered in 
the alpine zone as “alpine taxa.” Threatened, Endangered, and Sensitive (TES) species designation were taken 
from each state’s natural heritage/rare plants database. 

RESULTS 

The alpine meadow, talus, and treeline ecotone flora of the Southern Rocky Mountains includes 609 unique 
taxa (species, varieties, and subspecies) of vascular plants comprising 581 species (Table 1). The richest fami¬ 
lies are Asteraceae (104 species), Poaceae (58 species), Cyperaceae (57 species), and Brassicaceae (42 species) 
(Table 2). The most speciose genera are Carex (Cyperaceae, 51 species), Draba (Brassicaceae, 23 species), Erig- 

Within the eight subregions of this flora, distribution and frequency of occurrence varies by taxon. Oc- 

Examples range from the widespread and common Geum rossii to the infrequent single mountain endemic, 

The central Colorado subregion is the most taxon rich at 499. Richness tapers off to the north, southeast, 
and southwest, dropping to 127 and 211 at the north and south ends of the contiguous Southern Rockies in 
Wyoming and New Mexico, respectively. The east-west trending Hoosier Ridge in central Colorado, which has 
been repeatedly surveyed, has 180 taxa alone. The more insular La Sal Mountains of Utah are similar to the 
north (Wyoming) end with 130 taxa, and the yet more distant San Francisco Peaks of Arizona have only 58 

Species occurrences between alpine meadow/treeline ecotone areas are also variable. Some species such 
as Minuartia obtusiloba, Carex elynoides, and Hymenoxys grandiflora occur mostly in alpine meadows whereas 
many species occur throughout both areas; for example, Micranthes rhomboidea (Table 2). Trees define the 
treeline ecotone area, but very few herbaceous species occur only there and those few are probable outliers 
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Table 1. Summary of search results for Southern Rocky Mountain vascular plants in alpine and treeline ecotone habitats. The survey includes collections from 245 
sites in the USFS, RM, and COLO herbaria databases. Disjunct populations are separated from larger populations by at least one state or province. Threatened, 
Endangered, and Sensitive (TES) species are officially  listed under the Endangered Species Act or by US National Forest Regions. 

lifers Abies bifolia and Picea engelmannii occur as single trees above 
liin alpine meadow, although their main abundance is within the 
es shown in Table 2 indicate relative habitat preference within the 

from lower elevation habitats. Even the 
the upper treeline ecotone boundary 
closed forest below timberline. Occun 
alpine zone of each subregion. 

Rocky Mountain Cordillera Floristic Region (515) than in the Madrean (373), Circumboreal (226), or North 
American Atlantic Floristic Regions (120). Most (21 of 24) of the disjunct taxa in this flora are shared with the 
Circumboreal Floristic Region and northern part of the Rocky Mountain Cordillera Floristic Region. For ex¬ 
ample, the Colorado and Utah (Uintah Mountains) populations oiArmeria maritima ssp. sibirica are separated 
by over 1500 kilometers from its main distribution in the circumboreal and arctic regions. 

The levels of endemism within the flora of the alpine zone in the Southern Rocky Mountains (Table 1) 
range from a single peak or mountain range (7 taxa) to the flora as a whole (59 taxa). Notably 25 taxa are en¬ 
demic to both the Southern Rockies and to its alpine zone. The alpine zone endemics represent 13 families and 
24 genera with Poa and Draba each having four alpine endemic taxa. Alpine zone endemics also include two 
Endangered Species Act (ESA) Threatened species: Packerafranciscana from the San Francisco Peaks of north¬ 
ern Arizona and Eutrema penlandii from the Mosquito Range of central Colorado. The latter species is listed as 

North America. However, the disjunct Colorado population of E. edwardsii (from northern British Columbia) 
is still officially  listed as Threatened E. penlandii pending further review and analysis. The remaining 18 Sensi¬ 
tive species (Table 1) are listed by individual National Forest Regional Offices (Table 2). 

DISCUSSION 

This study was intended to provide a species checklist for the entire Southern Rocky Mountain alpine zone 
along with some indication of subregional distribution. We chose a more conservative approach to species 
occurrence that leans toward errors of omission rather than errors of commission that might result from mis- 
identihed specimens in a database only approach. Finer scale distribution by major mountain range within 
subregions awaits further biogeographical study. 

Scott (1995) indicated 609 alpine plant species for the Middle Rockies, however, Hadley (1987) counted 
619 alpine species for the Middle and Southern Rocky Mountain regions combined. Our checklist shows 581 
alpine zone species from the Southern Rockies (Table 1). These counts are comparable to Korner’s (2003) esti¬ 
mate of 600 alpine species for larger mountain systems based on a known alpine species richness for the entire 
Swiss Alps of approximately 650 and data showing a 150-550 alpine plant species richness range for many 
smaller Swiss alpine floras (10-100 km2). Species richness data from smaller North American alpine floras are 
also within Korner’s observed range: Ruby Range of Colorado (220 species, Hartman & Rottman 1987), Teton 
Range of Wyoming (260 species, Spence & Shaw 1981), Beartooth Plateau of Montana (210 species, Johnson 
& Billings 1962), and White Mountains of California (163 species, Rundel et al. 2008). The larger scale esti¬ 
mates from the Rocky Mountains also support Korner’s conjecture that smaller mountain range components 
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represent approximately half of the species richness of larger mountain systems. Future synthesis of the Mid¬ 
dle Rockies floristic inventories at the RM may clarify the discrepancy between the Scott (1995) and Hadley 

The checklist (Table 2) is based on vouchered specimens and should be most useful to botanists and land 
managers determining what taxa are likely to occur within their area of interest. The frequency values within 
Table 2 are best interpreted as relative probabilities for within taxon comparisons between subregions or be¬ 
tween alpine meadow and treeline ectotone areas within the alpine zone of a subregion. Relative probability 

occurrences within the treeline ecotone probably reflects its relative narrowness compared to more expansive 
alpine meadow and talus slopes. We caution against over interpretation of the frequency counts. Some taxa 

elevation habitats as well as in the alpine zone. Other high occurrence taxa, such as Geum rossii, are predomi¬ 
nantly alpine zone species. Similarly, a low number of occurrences could indicate taxa that infrequently range 

less often collected. 
The levels of endemism and floristic region distribution (Table 2) provide a convenient synthesis of the 

best available knowledge for botanists and biodiversity managers that recommend TES designations based on 
geographic distribution. Most of the U.S. Forest Service Sensitive species (Table 2) have some level of ende¬ 
mism within the Southern Rockies. The 25 taxa endemic to the alpine zone of the Southern Rockies would also 
make a key set of biogeographic/population ecology/species migration studies for the effects of future climate 
change and possible species loss. 
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